The control of infectious bovine rhinotracheitis induced by bovine herpesvirus 1 (BoHV-1) requires sensitive and specific diagnostic assays. As BoHV-1 is antigenically and genetically related to four other alphaherpesviruses of ruminants-namely, BoHV-5, caprine herpesvirus 1 (CpHV-1), cervine herpesvirus 1 (CvHV-1) and CvHV-2-diagnostic tests able to discriminate BoHV-1 from these related viruses are needed to avoid misdiagnosis, especially because some of these viruses are able to cross the species barrier. In this study, murine monoclonal antibodies (MAbs) specific for BoHV-1, BoHV-5, CpHV-1, CvHV-1, and CvHV-2 were produced with the aim of setting up an immunofluorescence assay able to discriminate between these related herpesviruses. Produced MAbs were selected for their viral specificity by enzyme-linked immunosorbent assay and indirect immunofluorescence staining of virus-infected cells. Radioimmunoprecipitation characterization of the selected MAbs revealed that four of them are directed against glycoprotein C (gC) and one of them is directed against gD of these related viruses. The obtained results demonstrate that the antibodies produced allow an unambiguous discrimination of each of the four alphaherpesviruses related to BoHV-1.
Bovine herpesvirus 1 (BoHV-1) is a worldwide pathogen of cattle associated with a variety of clinical diseases, including infectious bovine rhinotracheitis (IBR), infectious pustular vulvovaginitis, and infectious pustular balanoposthitis (17, 26, 69) . Due to the significant losses in the cattle industry, there is an increased interest in the control and eradication of IBR. In this context, it is of primary importance to take into consideration the potential risk of infection of cattle with heterologous ruminant alphaherpesviruses closely related to BoHV-1. Four ruminant alphaherpesviruses are related to BoHV-1 and have a potential for cross-infection of cattle in Europe: BoHV-5, caprine herpesvirus 1 (CpHV-1), cervine herpesvirus 1 (CvHV-1), and CvHV-2. Although not present in Europe, buffalo herpesvirus 1 and elk herpesvirus are also closely related to BoHV-1 (5, 11) . BoHV-5 is responsible for fatal meningoencephalitis reported in calves in several countries, including Argentina, Hungary, Italy, Australia, and the United States (1, 7, 19, 20) . CpHV-1 causes enteritis and generalized infection in neonatal kids. Although most infections in adults are subclinical, CpHV-1 can induce vulvovaginitis (23, 25) , balanoposthitis (61) , or abortion (4, 29) . This virus was first isolated in the 1970s from young kids with a severe generalized infection in California (57) and Switzerland (42) . CpHV-1 infections occur worldwide but with high prevalence in Mediterranean countries (24, 28, 30, 32, 62) . CvHV-1 was first isolated in 1982 from an outbreak of ocular disease on a red deer farm in Scotland (27, 45) . The virus is widespread in free-living and farmed red deer (45) . CvHV-2 was isolated from reindeer in Finland (14, 15) , and serological evidence of infection with a virus related to BoHV-1 has been reported in reindeer in the United States (12) but also in caribou from Canada (16) . Although these viruses differ considerably in their virulence, they are closely related both genetically (18, 51, 53, 55, 66) and antigenically (28, 36, 39, 47) . Moreover, all these viruses establish latent infection in a manner similar to that of BoHV-1 (3, 6, 15, 52) .
Some experiments have shown that the related herpesviruses described above are able to cross the species barrier and establish infection in heterologous animal species. For example, CpHV-1 can infect cattle, but reactivation of latent CpHV-1 was not detected in cattle although viral CpHV-1 DNA was detected in trigeminal ganglia of cattle (60) . Experimental infection of goats with BoHV-1 clearly showed that this virus is able to infect the heterologous host and establish latent infection (60) . Moreover, BoHV-1 has been isolated from naturally infected goats (64) . Natural BoHV-1 infection and experimental BoHV-5 infection in sheep have also been reported (2, 56, 59, 65) . Cattle were refractory to CvHV-1 by intranasal challenge but successfully infected with CvHV-2 (46, 63) . Red deer could become infected following a profound BoHV-1 challenge, whereas reindeer did not seem susceptible to BoHV-1 (46) .
The capacity of these related herpesviruses to circulate in the ruminant population is a major threat to a BoHV-1 eradication scheme. Indeed infection by related viruses could lead to false-positive diagnosis of BoHV-1. Moreover, the heterol-ogous ruminant species could serve as a BoHV-1 reservoir. Consequently, diagnostic tools able to distinguish all these related viruses are needed. Successful control of IBR relies on sensitive and specific diagnostic methods. Since BoHV-1 and related viruses (BoHV-5, CpHV-1, CvHV-1, and CvHV-2) cross-react in enzyme-linked immunosorbent assay (ELISA) and seroneutralization tests (36, 39) , the available serological tests are unable to discriminate between the related viruses. Only one method was described to distinguish BoHV-1-from BoHV-5-positive sera (67) . Tests based on virus isolation or viral DNA detection could avoid misinterpretation due to these cross-reactions. Restriction endonuclease analysis (REA) performed after viral isolation allowed the identification and distinguishing between the related viruses (17, 30, 49, 52, 68) . However, this procedure is too burdensome for general use in diagnostic laboratories. Specific methods using viral DNA amplification were also described (37, 53) . In these PCR assays a pair of consensus primers was selected for the detection of bovine, caprine, and cervine herpesviruses, and discrimination was achieved by subsequent REA of PCR products. A specific PCR system using four primer pairs has also been developed to specifically amplify a part of the glycoprotein C (gC) gene (54) . However, a specific diagnostic method based on antigen detection is not available so far to differentiate between these alphaherpesvirus infections.
Since viral isolation and subsequent characterization using PCR and/or REA are often laborious, expensive, and timeconsuming, we undertook this study to develop an immunofluorescence assay able to differentiate in one step between the five related herpesviruses.
MATERIALS AND METHODS
Cells, viruses, and antibodies. Herpesviruses used in this study are listed in Table 1 . They were propagated in Madin-Darby bovine kidney (MDBK) (ATCC CCL-22) cells grown in Earle's minimal essential medium (MEM) (Invitrogen S.A., Merelbeke, Belgium) supplemented with 2% penicillin (5,000 U/ml)-streptomycin (5,000 g/ml) (PS; Invitrogen S.A.) and 5% heat-inactivated fetal bovine serum (BioWhittaker, Verviers, Belgium). Viral stocks were produced by infection of confluent MDBK cells at a multiplicity of infection (MOI) of 0.1 in MEM supplemented with 2% PS and 5% heat-inactivated horse serum (BioWhittaker). When the cytopathic effect reached 90%, the culture medium was removed and clarified by centrifugation at 1,500 ϫ g for 20 min. The supernatants were aliquoted, frozen at Ϫ80°C, and titrated by plaque assay on MDBK cells as previously described (33) .
One BoHV-5 monoclonal antibody (MAb) (2915) (21) was kindly provided by M. Engels (Faculty of Veterinary Medicine, University of Zurich, Zurich, Switzerland). The following reference BoHV-1 MAbs were kindly provided by G. J. Letchworth: MAb 3402 is directed against BoHV-1 gD, MAb 4807 is directed against BoHV-1 gB, and MAb 1507 is directed against BoHV-1 gC (38) . A serum sample from a rabbit immunized with a previously described recombinant human adenovirus type 5 expressing the BoHV-1 gD (22) and that was found to crossreact with the five related herpesviruses (data not shown) was also used.
Virus purification for immunization. BoHV-1 LA, BoHV-5, CpHV-1 E/CH, CvHV-1, and CvHV-2 were propagated on MDBK cells. When the cytopathic effect reached 90%, the culture medium was clarified by centrifugation at 1,500 ϫ g for 20 min. Viruses were pelleted at 100,000 ϫ g for 45 min at 4°C in a Beckman Optima LE 80K centrifuge. The viral pellets were resuspended in phosphate-buffered saline (PBS) and centrifuged at 100,000 ϫ g through a 10 to 25% Ficoll (Amersham, Biosciences Europe GmbH, Roosendal, The Netherlands) step gradient for 60 min at 4°C. The virus band at the 10 to 25% Ficoll interface was gently removed by pipetting, resuspended in PBS, and stored at Ϫ80°C until used. The protein concentration was determined with the BCA protein assay kit (Pierce Chemical Company, Rockford, Ill.).
MAb production. Five groups of two BALB/c mice were immunized by three intraperitoneal injections of purified BoHV-1, BoHV-5, CpHV-1, CvHV-1, or CvHV-2 (50 g/mouse for each injection) emulsified in Freund's complete adjuvant for the two first injections and incomplete Freund's adjuvant for the last one. Injections were spaced at 3 weeks. After a further 21 days mice were boosted by intraperitoneal injection of antigen (30 g of viral proteins without adjuvant). Fusions were performed 4 days after the boost according to the method of Köhler and Milstein (31) . Splenocytes were fused with cell line SP2/0-Ag 14 (ATCC CRL-8287) using polyethylene glycol 1500 (Roche Diagnostics Belgium, Vilvoorde, Belgium).
Ascitic fluids were produced by intraperitoneal injection of hybridoma cells in BALB/c mice treated with pristane 7 to 15 days before. MAbs from immunoglobulin G (IgG) isotype were purified on protein G-Sepharose (Amersham, Biosciences Europe GmbH) according to the manufacturer's instructions. All these procedures were performed in accordance with Belgian law on animal care and were approved when the experiments were performed.
ELISA for antibody screening. Hybridomas secreting specific antibodies raised against viral antigens were identified by indirect ELISA. Preparation of viral antigens was performed as described above for virus purification with the exception of the Ficoll gradient step. Ninety-six-well microplates (MaxiSorb; Nunc) were coated overnight with either infected or noninfected MDBK cell lysate, used as viral and negative control antigen, respectively, and diluted in 50 mM carbonate buffer-3 mM sodium azide, pH 9.6, to obtain the final concentration of 500 ng of antigen per well. After a wash step with 0.15 M NaCl containing 0.01% Tween 80 (washing solution), the wells were saturated with PBS containing 3% bovine albumin and 0.1% Tween 80 at 37°C for 3 h. After each incubation, wells were extensively washed with washing solution. Fifty microliters of hybridoma supernatants was added, and plates were incubated for 1 h at 37°C. Binding antibodies were detected by an incubation of 60 min at room temperature with horseradish peroxidase-conjugated rabbit anti-mouse IgG (Dako Diagnostics N.V., Heverlee, Belgium) 2,000-fold diluted in PBS, 0.5 mM EDTA, and 0.1% Tween 80 containing 4% casein hydrolysate. After addition of 100 l of 3,3Ј,5,5Ј-tetramethyl-benzidine (Biosource Europe S.A., Nivelles, Belgium) as substrate-chromogen, the microtiter plate was incubated 20 min at room temperature. Fifty microliters of H 2 SO 4 (2 N) was subsequently added to stop the reaction. The optical densities were measured at 450 nm in a microplate reader (MIOS; Merck).
Determination of the immunoglobulin subclasses. The immunoglobulin isotypes were determined using a commercial kit (Isostrip; Roche) following the manufacturer's recommendations.
Immunofluorescence assay. In order to set up an immunofluorescence assay, MAbs were first selected by flow cytometric analysis. MDBK cells were infected with the five related viruses at an MOI of 2 in MEM containing 4% horse serum. Fifteen hours after infection cells were incubated 30 min at 37°C in PBS containing EDTA (0.5 mM), resuspended, extensively washed with PBS containing 10% fetal calf serum (BioWhittaker) (PBSF), and incubated 45 min on ice with (58) with minor modifications. Briefly, MDBK cells grown on glass coverslips (Assistent) were infected with the different viruses and incubated 48 h in MEM containing 4% horse serum and 0.6% carboxymethylcellulose. The coverslips with individual plaques were fixed in PBS containing 2% (wt/vol) paraformaldehyde and incubated with undiluted hybridoma supernatant or 1,000-fold-diluted ascitic fluid in PBSF. Bound antibodies were revealed by FITC-conjugated rabbit anti-mouse IgG (2 g/ml; Dako). Coverslips were mounted with a Prolong Antifade kit (Molecular Probes Europe BV, Leiden, The Netherlands). Pictures were collected with a charge-coupled device Leica DC 300F camera (with Leica IM 50 V1.20 software) installed on an epifluorescence microscope.
RIPA. Confluent MDBK cells were infected with BoHV-1 Jura, BoHV-5, CpHV-1 E/CH, CvHV-1, or CvHV-2 at an MOI of 1 in MEM. After 90 min of adsorption, the monolayers were overlaid with either methionine-free medium (ICN Biomedicals S.A., Asse-Relegem, Belgium) or glucose-reduced (10%) medium (Gibco). Five hours after infection, cells that were previously overlaid with methionine-free MEM were labeled with a 25-Ci/ml concentration of Tran 35 Slabel methionine (ICN), whereas cells overlaid with glucose-reduced MEM were labeled with [ 3 H]glucosamine (50 Ci/ml; Amersham). For glycosylation inhibition experiments, tunicamycin (1 g/ml; Sigma-Aldrich N.V., Bornem, Belgium) was added from the time of inoculation with the virus until infected cells were collected. Twenty-four hours after infection cells were washed in PBS, disrupted with radioimmunoprecipitation assay (RIPA) buffer [0.15 M NaCl, 0.05 M TrisHCl (pH 7.2), 1% Triton X-100, 0.1% sodium dodecyl sulfate, 1% sodium deoxycholate, 1 mM EDTA, 0.1% NaN 3 , 2 mM 4-(2-aminoethyl)-benzenesulfonyl fluoride] (RIPA I) and centrifuged at 20,000 ϫ g for 60 min at 4°C. Cells lysates were stored at Ϫ80°C. Immunoprecipitation was performed as described by Dubuisson et al. (13) 14 C-labeled molecular weight standard (Amersham) was used as the molecular weight marker. Polyacrylamide gels were dried under vacuum prior to autoradiography on Hyperfilm MP (Amersham).
RESULTS

MAb reactivity against the five related alphaherpesviruses.
With the aim to identify specific MAbs for each of the five related alphaherpesviruses, a first screening of the produced MAbs was performed by either ELISA (for MAbs obtained after BoHV-5, CpHV-1, CvHV-1, and CvHV-2 immunizations) or indirect immunofluorescence staining revealed by fluorescence-activated cell sorting (FACS) (for MAbs obtained after BoHV-1 immunization). Results (shown in Table  2 ) indicated that most of the MAbs cross-reacted with one or more related alphaherpesviruses. However, among 14 MAbs obtained after BoHV-1 immunization, 4 (G13G1D3B10, G14G11F5, G6B7G2, and G6D7G2) reacted only with BoHV-1 ( Table 2) . Among six MAbs resulting from BoHV-5 immunization, two (2D6 and 2H7) distinguished BoHV-5 from the other related viruses (Table 2) . Among eight MAbs generated after CpHV-1 immunization, seven reacted only against CpHV-1. Two of these MAbs (2E5G5G1 and 5F11G7D8) were selected for the following experiments because they generate the highest optical densities by ELISA (data not shown). From five MAbs obtained after CvHV-1 immunization, two (6C2 and 6C3) were CvHV-1 specific. From the CvHV-2 immunization, eight MAbs were obtained. Results indicated that two of these MAbs were CvHV-2 specific (2A6 and 5D9).
Selection of discriminative MAbs by indirect immunofluorescence labeling. In order to set up a simple discriminative immunofluorescence test that could be performed on plaques resulting from infection with one of the five related viruses, MAbs selected for their specificity (shown in Table 2 ) were further analyzed by indirect immunofluorescence labeling revealed by FACS (Table 3) . Since no permeabilization step was performed on infected cells prior to immunofluorescence staining and FACS analysis, this methodology allowed the detection of cell surface antigens. From the four BoHV-1 selected MAbs, two (G13G1D3B10 and G14G11F5) clearly and specifically stained BoHV-1-infected cells. However, we selected MAb G13G1D3B10 because the immunofluorescence generated by this MAb, as determined by FACS analysis, was greater than that generated by MAb G14G11F5. In contrast to results depicted in Table 2 , obtained after ELISA analysis, the two selected BoHV-5 MAbs (2D6 and 2H7) were not BoHV-5 specific since they cross-reacted with one or more other related alphaherpesviruses when analyzed by FACS. For this reason, a previously described MAb (MAb 2915) (21) was tested and was demonstrated to be BoHV-5 specific. From the two CpHV-1 selected MAbs (2E5G5G1 and 5F11G7D8), only one (2E5G5G1) specifically stained CpHV-1-infected cells. Both CvHV-1 selected MAbs (6C2 and 6C3) were CvHV-1 specific, but only 6C2 MAb clearly stained CvHV-1-infected cells. Finally, none of the CvHV-2 selected MAbs was demonstrated to be CvHV-2 specific when tested by FACS analysis. To encounter this apparent problem, we selected CvHV-2 5G10 MAb even if it cross-reacted with CvHV-1. According to these results, five MAbs (shown in Table 3 ) were selected to test their ability to discriminate between the five related alphaherpesviruses in an immunofluorescence test performed on virus induced plaques.
Differential diagnosis of bovine, caprine, and cervine alphaherpesviruses. The five selected MAbs were tested by immunofluorescence assay on cells infected separately with the five related alphaherpesviruses (Fig. 1) . The immunofluorescence assay was performed on infected cell monolayers where wellseparated plaques were observed by transmission light microscopy. Each MAb specifically detected one virus species, except MAb 5G10, which detected both CvHV-2 and CvHV-1 ( Fig.  1S and T) as predicted by FACS analysis (Table 3) . Finally, in order to determine whether the selected MAbs are specific for viral strains other than those we used for mice immunizations, they were also assayed on cells infected with different BoHV-1 and CpHV-1 strains. Unfortunately, we were unable to perform the same experiments on different strains of BoHV-5, CvHV-1, and CvHV-2 because only a few strains of these viral species are available. Results demonstrated that the specificity of the selected MAbs was similar to those depicted in Fig. 1 when tested on cells infected with the different BoHV-1 and CpHV-1 strains. Taken together these results demonstrate that the five selected MAbs are powerful tools to discriminate unambiguously between bovine, cervine, and caprine alphaherpesviruses. Fig. 1, [ 35 S]methionine-labeled proteins from cells infected separately with the five related herpesviruses were analyzed by RIPA. Because it was previously shown that BoHV-1 immunization of mice leads mainly to the production of MAbs directed against BoHV-1 major glycoproteins, the reactivities of the five MAbs in this RIPA experiment were compared with those of previously described MAbs directed against BoHV-1 gB (MAb 4807), gC (MAb 1507), and gD (MAb 3402) major glycoproteins (38) .
Identification of viral antigens targeted by the discriminative MAbs. To identify viral antigens targeted by the five discriminative MAbs depicted in
As demonstrated by results presented in Fig. 2 , MAb G13G1D3B10 (BoHV-1 specific) is directed against BoHV-1 gC since this MAb and the anti-BoHV-1 gC reference MAb precipitated a single peptide with a similar molecular weight. Moreover, MAbs 2915 (BoHV-5 specific), 2E5G5G1 (CpHV-1 specific), and 5G10 (CvHV-2 specific) precipitated a single peptide that exhibited a molecular weight slightly different from but approximately equivalent to that of BoHV-1 gC, suggesting that these three MAbs are directed against gC of BoHV-5, CpHV-1, and CvHV-2, respectively. However, due to the fact that the BoHV-1 anti-gC reference MAb does not cross-react with these three related viral species (data not shown), we were unable to use it to demonstrate that the peptides precipitated by MAb 2915, 2E5G5G1, and 5G10 are the gC homologues of BoHV-1. To solve this problem, we screened by RIPA some of the previously nonselected MAbs (shown in Table 2 ) to find an anti-gC MAb which cross-reacts with BoHV-5, CpHV-1, and CvHV-2. As shown in Fig. 2 , we found that MAb G6G5G2 is directed against BoHV-1 gC since this MAb and the anti-BoHV-1 gC reference MAb precipitated a single peptide with a similar molecular weight. MAb G6G5G2 was then used in RIPA to precipitate gC from BoHV-5-, CpHV-1-, and CvHV-2-infected cells to demonstrate that the single peptide precipitated by MAb 2915, 2E5G5G1, and 5G10 are the gC homologues of BoHV-1. Results demonstrated that MAbs 2915 and 2E5G5G1 precipitated a single peptide with a molecular weight similar to that precipitated by MAb G6G5G2 on cells infected with BoHV-5 and CpHV-1, respectively, while no CvHV-2 peptide was precipitated by MAb G6G5G2, as predicted by results presented in Table 2 . However, we reasoned that the CvHV-2 peptide precipitated by 5G10 is most probably the CvHV-2 homologue of BoHV-1 gC, because 5G10 MAb (i) reacts with both I , N, S, and X), or CvHV-2 (E, J, O, T, and Y). Cells were incubated until viral plaques were visible and were then treated as described in Materials and Methods. G13G1D3B10 (A to E), 2915 (F to J), 2E5G5G1 (K to O), 5G10 (P to T), and 6C2 (U to Y) were the primary antibodies and were detected by FITC-conjugated rabbit immunoglobulin anti-mouse IgG. Presence of viral plaque was verified by transmission microscopy before epifluorescence microscopy. All immunofluorescence stainings were performed three times. Bars, 200 m. CvHV-1 and CvHV-2 and (ii) is directed against CvHV-1 gC homologue since MAb 5G10 and MAb G6G5G2 precipitated an equivalent peptide. Finally, MAb 6C2, which was demonstrated to be CvHV-1 specific, precipitated a peptide with a molecular weight approximately similar to that of BoHV-1 gD. To demonstrate that MAb 6C2 precipitated the CvHV-1 homologue of BoHV-1 gD, we used a cross-reactive polyclonal rabbit anti-gD sera (24) . Results indicated that MAb 6C2 is directed against a CvHV-1 gD homologue since this MAb and the rabbit anti-gD sera precipitated a peptide with a similar molecular weight. In summary, results obtained in these RIPA experiments demonstrate that G13G1D3B10, 2915, 2E5G5G1, 5G10, and 6C2 are directed against BoHV-1 gC, BoHV-5 gC, CpHV-1 gC, CvHV-2 gC, and CvHV-1 gD, respectively.
It is noteworthy that no tested MAbs precipitated peptides when they were analyzed by RIPA after labeling of mockinfected cells. Moreover, RIPA experiments performed after viral protein labeling using [ 3 H]glucosamine or after the use of a glycosylation inhibitor (tunicamycin) during infection confirmed that all tested MAbs were directed against glycoproteins (data not shown).
DISCUSSION
Herpesviruses have generally coevolved with their hosts (10, 40, 41) . Consequently, phylogenetically related host species can be infected by phylogenetically and antigenically related herpesviruses. Illustrating this concept, at least five alphaherpesviruses of ruminants have been shown to be genetically and antigenically related, namely, BoHV-1, BoHV-5, CvHV-1, CvHV-2, and CpHV-1. The existence of antigenic cross-reactions between these viruses added to their ability to establish, at least in some cases, cross-species infections needed to be considered in the development of a BoHV-1 eradication scheme. In addition, diagnostic tools able to discriminate all these related viruses need to be developed. With the latter goal in mind, the present study was devoted to the production of MAbs able to identify specifically each of the five related alphaherpesviruses. Among these MAbs, five were selected for their viral specificity by ELISA and FACS analysis before being assayed by immunolabeling of cells infected separately with the five related herpesviruses. Our results demonstrate that the five selected MAbs unambiguously discriminate between bovine, caprine, and cervine alphaherpesviruses. RIPA characterization of the selected MAbs revealed that four of them are directed against the gC and one of them is directed against the gD homologues of these related viruses.
Approximately half of the produced MAbs cross-reacted with one or more related viruses (Table 2 ). This observation confirms previous studies that reported a very high antigenic relationship between the five related viruses (47, 39, 36) . Identification of the antigens targeted by the selected MAbs demonstrated that four MAbs (G13G1D3B10, 2915, 2E5G5G1, and 5G10) are directed against BoHV-1, BoHV-5, CpHV-1, and CvHV-2 gC homologues, respectively. BoHV-5, CpHV-1, and CvHV-2 gC exhibited a lower apparent molecular weight than BoHV-1 gC, confirming previous observations that demonstrated a lower molecular weight for BoHV-5 gC (9). Using MAbs that react against BoHV-1, BoHV-5, and CpHV-1 (gB, gC, and gD), Friedli and Metzler (21) also found differences in the sizes of the corresponding viral proteins, including variation in the apparent molecular weight of gC, similar to results reported here. These variations could probably result from differences in the open reading frame length but especially from differences in the type of glycosylation and number of glycosylation sites as previously described for BoHV-5 gC (8).
FIG. 2. [
35 S]methionine-labeled peptides immunoprecipitated from BoHV-1-, BoHV-5-, CpHV-1-, CvHV-1-, and CvHV-2-infected cells and analyzed by electrophoresis on 4 to 12% NuPage Bis-Tris acrylamide gel under reducing conditions. Peptides were precipitated by selected MAbs G13G1D3B10, 2915, 5G10, 2E5G5G1, 6C2, gC MAb (G6G5G2); by previously described MAbs gB 4807, gC 1507, gD 3402; and by serum from a rabbit immunized with recombinant human adenovirus type 5 expressing BoHV-1 gD, which cross-reacts with all the related viruses. MW, 14 C-labeled molecular weight marker (Amersham), expressed in thousands.
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The comparison of the peptides precipitated by 6C2 MAb and serum from a rabbit immunized with recombinant human adenovirus type 5 expressing BoHV-1 gD, which cross-reacts with all the related viruses, revealed that 6C2 MAb is directed against CvHV-1 gD. Because gCs of the related viruses were shown to be genetically and antigenically less conserved than gBs or gDs of the same viruses (9, 53, 54, 55) , it is not surprising that the majority of the discriminative MAbs are directed against gC, although MAb G6G5G1 cross-reacts with gC of all the related viruses except CvHV-2. The comparison of the related herpesvirus gC coding sequences has revealed a conserved central part of the gC gene, while the N-terminal part was highly variable, with large deletions and insertions (54) . Consequently, the specific MAbs produced during this study were probably directed against epitopes present in the variable region, while the cross-reactive MAb is probably directed against a common epitope from the gC conserved region. Moreover, glycoprotein gC plays an important but not essential role in attachment of BoHV-1 to the targeted cells (48, 35) . It could then be hypothesized that these differences in the gC amino acid sequence may correlate with in vivo tropism differences. Additional experiments are required to identify the epitopes recognized by the discriminative MAbs produced during this study. Until now, PCR and/or REA (17, 29, 30, 37, 49, 52, 53, 55, 68) were the only available methods able to discriminate between these closely related herpesviruses. The antigen detection method developed here is a complementary tool to detect and identify ruminant herpesviruses. This new method is easy to perform, inexpensive, and faster than an REA performed after viral isolation. MAbs are directly useful for detection and identification of the related viruses from antemortem samples (after viral isolation during both the excretion and the reexcretion period) and from postmortem samples (in tissue sections or in triturated organs after virus isolation). Contrary to PCR, immunofluorescence assay is unfortunately unable to detect viruses at latency sites in postmortem samples. However, the immunofluorescence assay can detect and discriminate between viruses after experimental reactivation and viral isolation. Moreover, MAbs developed here could be useful to perform immunolabeling on organ sections. In summary, PCR and immunofluorescence assay are complementary tools able to discriminate the related viruses in latently infected animals at excretion or reexcretion time or from postmortem samples but not in the no-(re-)excretion period.
Until now, no diagnostic tests have been available to discriminate between animals latently infected with one of the five related herpesviruses. Therefore, the availability of the produced MAbs in this study is also an opportunity to develop discriminative ELISAs which could serologically differentiate BoHV-1 infection from other related viruses in latent carriers. Most of the discriminative MAbs are directed against gC, and this glycoprotein shows an extensive variation between members of the ruminant herpesvirus group. Therefore, gC-blocking ELISAs using recombinant glycoproteins containing the variable regions of gC as antigens are potential strategies to serologically detect latently infected animals.
The newly developed immunofluorescence assay is useful in epidemiological situations near areas of IBR eradication or where IBR is eradicated from a region or a country. In these cases, each BoHV-1-positive diagnosis should be confirmed by a test able to differentiate between the five alphaherpesvirus infections. Special concerns are CvHV-1 in the United Kingdom and continental Europe; CvHV-2 infection in Scandinavia and North America; and CpHV-1 in North America, Switzerland, and Mediterranean countries. Further developments should focus on the design of a discriminative ELISA for serological testing of these five alphaherpesvirus infections.
